2) A t H > 4 kG : 0 a phase with unexpected high and slow varying magnetization : M increases from --0.6 Ilo t o 2 0.7 t' o between 4 and 70 kC-(Vo : s a t u r a t i o n magnetization) ; 0 an unusual phase diagram with second order c r i t i c a l temperature Tc2(H) increasing with H.
3) High temperature s e r i e s expansion f i t s of the s u s c e p t i b i l i t y , s p e c i f i c heat above t h e phase t r a n s i t i o n . The experiments, performed on bcc s o l i d 3~e i n t h e cubic s y m e t r y and thus t h e d i p o l a r napnetic in-
l a s t decade, a t low temperatures, revealed i n t e r e st e r a c t i o n s give no anisotropy a t f i r s t order t i n g unexpected nuclear magnetic p r o p e r t i e s .
within the molecular f i e l d approximation (MFA) .
I . A t f i e l d H < 4 kG a nuclear a n~i f e r r o m a g n e t i c order not predicted by the Heisenberg model
The s u s c e p t i b i l i t y measure~ents' ' '2'31 i n the ranpe 10 5 T 5 30 mK ~i v e a negative Curie Weiss temperature 8 = 2.9 + 0.3 mK. Thus idithin a n e a r e s t neighbour Heisenberg model (HNNA) , we would expect a second order t r a n s i t i o n t o a nuclear magnetic long ranp,e order a t T --2 mK (Hiph temperature s e r i e s e x p a n~i o n s '~] gi:e t h e o r e t i c a l l y 0.69 f3 ; experiment a l l y , u s u a l Heisenberp: antiferrornagnets give a val u e of t h e same order, a s example T -0.8 0 f o r the s p i n 1 /2 antiferromagnet s~G~G '~] ) .'Experimentally t h e t r a n s i t i o n occurs a t a much lower temperature T --1 mK and i s f i r s t o r d e r . The order of t h i s t r a n s i t i o n was f i r s t s u p~e s t e d by the observation of an abrupt drop of entropy a t 1 mK [ 6 y 7 1 and i s now '91 confirmed with c e r t i t u d e by recent experiments .
The recent antiferromagnetic resonance s t u d i e s of
Osherof f e t a l L g l give important informations on t h e s t r u c t u r e of the low f i e l d ordered phase.
The l a r z e resonance frequency observed i n zero f i e l d f = 8 2 5 kHz excludes a l l phases predicted by a Heisenberg model with f i r s t and second neiphbour interactions!lo1. These phases have s u b l a t t i c e s with Osheroff e t a1 observe t h r e e resonances (or mult i p l e s of t h r e e ) a t l a r g e f i e l d which proves the presence of one (or s e v e r a l ) s i n p l e c r y s t a l with domains havinp only t h r e e d i f f e r e n t s p i n o r i e n t at i o n s ; consequently the d i r e c t i o n of anisotropy i s one of t h e t h r e e axes (OOl), (010) (100). Any o t h e r a x i s would l e a d t o more than t h r e e dopains ( f o r instance (1 10) gives s i x 6ocains).
Among the s t r u c t u r e s which a r e described by t h e simple plane w a E equation : 
planes of p a r a l l e l s p i n s arranped i n t h e sequence UP-up-down-down-.
(We r e f e r now t o t h i s phase by the n o t a t i o n "uudd", cf fip-lc). I n zero f i e l d , the 
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degeneracy. This is the simplest structure describing the experiment but we point out that more -f complicated structures(S. being the superposition of more than one Fourier component K) with the 100 anisotropy direction give nearly the sane resonance frequency : for example antiferromagnetic states consisting of (100) planes of parallel spins arranged in the sequence n plane with spins up followed by n planes with spins down ~i v e a relative change f -f2 n of frequency with respect to the uudd plane -2 equal to 6% for n = 4 and 7.4Z for n=rn. by q u a n t i t a t i v e c a l c u l a t i o n s [16'171 from which we conclude t h a t t h r e e and four spin c y c l i c exchanges a r e most l i k e l y dominant with r e s p e c t t o tranposit i o n and higher order exchanges. I n a bcc l a t t i c e , t h e r e a r e two kinds of four s p i n cycles with f i r s t neighbours : one planar (P) and t h e other folded (F) (cf r e f ' 7 1 ) . Our c a l c u l a t i o n s a r e too rough t o determine t h e hierarchy between them.
B) Yagnetic p r o p e r t i e s and phase diagrams within t h e three and four s p i n exchange model i n the H.F.A.

a ) H m i l t o n i a n :
Keeping only t h r e e s p i n exchange J and four t s p i n exchanges : planar and folded KF, and neglecting p a i r t r a n s p o s i t i o n s , we w r i t e the Hamiltonian : Q ijk i s t h e t h r e e p a r t i c l e c y c l i c permutation ope-( T) r a t o r ; t h e sum C i s taken over t h e more compact t h r e e a t o z cycles Q ijka i s the four a r t i c l e cy-(TP (P) c l i c permutation operator ; the sums C , C a r e taken over folded and planar cycles. It r e s u l t s from P a u l i P r i n c i p l e r l g l t h a t even, odd permutations a r e ferromagnetic, antiferromagnetic r e s p e c t i v e l y ; thus (cf r e f . f 9 ) , J t , $ and K a r e a l l negative.
[ I 9 1 .
I n terms of s p i n P a u l i matrix oi with Thus we w r i t e t h e e f f e c t i v e Hamiltonian :
with e f f e c t i v e p a i r i n t e r a c t i o n s between nth neigh- 
I t i s f i r s t i n t e r e s t i n g t o discuss t h e predict i o n s of t h e simplest models where one of t h e
t h r e e parameters (Jt,K.,KF) only i s r e t a i n e d . W e s t a r t from randomly oriented spins (N=O).
For a s p i n configuration N, a f t e r c a l c u l a t i n g the aF on t h e s i t e i, t h e con- Ox, t h e r e a r e two planar simple square interpenet r a t i n g antiferromagnetic s u b l a t t i c e s with orthogonal o r i e n t a t i o n (''ssq a£" phase). This phase having more than one Fourier component i s not described by ( 1 ) . I n c o n t r a s t t o the "scaf" phase, t h i s phase has a l a r g e d i p o l a r anisotropy. The anisotropy a x i s being one of the t h e r e a x i s ( l o o ) , (010) , (001) r i t would give t h r e e d i f f e r e n t domains i n agreement with Osheroff's r e s u l t s . However i t s symmetry d i ff e r s from t h a t of the "uudd" phase, the order parameter being a t r i e d r e given by two orthogonal direc- 
Fig.1 : The bcc l a t t i c e i s separed i n two simplecubic l a t t i c e s ( f u l l and dashed l i n e s ) . The s c a f ( a ) and pf(d) phases have no d i p o l a r anisotropy a t f i r s t order. Thessqaf phase (b) minimizes i t s d i p o l a r energy with i t s s p i n d i r e c t e d along t h e (018) o r (001) a x i s perpendicular t o t h e ferromagnetic l i n e s . The anisotropy of the uudd phase i s planar. The dir e c t i o n of the s p i n i s perpendicular t o t h e 100 axis and f r e e i n t h e 100 ferromagnetic planes(shadded areas) B) Two parameter model ( J t ' K~)
Neglecting two s p i n and folded four s p i n exchanges, we can account f o r a l l experimental data with a two parameter model including t r i p l e exchange J and pZanar four s p i n exchange Kp. For the energy t minimization, another kind of "frtlstration" i s introduced by Jt < 0 which "likes" ferromagnetic t h r e e s p i n cycles (f,+,+). The computer method ex l a i n e d EP above gives t h e "s sqaf" phase f o r ! ~~1 < l Tl . 
I t s magnitude i s small com~ared t o the experimental f i t L 3 ] , b u t i t i s p o s s i b l e t h a t a t very low temperatures t h i s f i t
g i v e s , r a t h e r than e x a c t l y B, the c o n t r i b u t i o n of 1 several hipher power tern? i n t h e -s e r i e~e x~a n s i o n .
T el High f i e l d phase
The general method of ~i l l a i n ' l O ] can be applied t o find t h e ordered phase i f we assume i t appears from the ~a r a m a g n e t i c phase through a second order t r a n s i t i o n , a s i s i t well established now. I n t h e paramagnetic phase, a l l spins a r e equivalent S. = So (within t h e IIFA). An ordered phase appears a t Tc through a second order t r a n s it i o n i f t h e superposition of a small component The c r i t i c a l temperature of t r a n s i t i o n of t h e naf phase increases up t o H = 120 kG corresponding t and planar four s p i n exchange Kp. (All o t h e r exchanges a r e neglected). F u l l and dotted l i n e s i n d i c a t e r e s p e c t i v e l y f i r s t and second order t r a n s i t i o n . C i rc l e s a r e experimental p o i~t s f r 0 m [~* l l l , 3 : f i r s t order t r a n s i t i o n , e second o r d e r ' . t r a r s i t i o n .
-Crosses a r e rough values of e second order c r i t i c a l temperature obtained byfT2 ]. The dashed dotted l i n e i s t h e phase diapran w i t h i n t h e HNNA model with 8 = -2 . 8 mK. Both curves have t h e same shapes. The main d i f f erence comes from t h e too high t h e o r e t i c a l f i e l d of t r a n s i t i o n giving a s h i f t between t h e two curves.
I n s e r t 2a compares the experimental and t h e o r e t i c a l magnetization curve. But t h e unwanted f e a t u r e s of t h e uhase diapram cannot be eliminated t h i s way, however and so we decline t o f i n e tune a t the expense of an e x t r a parameter. From preliminary r e s u l t s of kfonte-Carlo simulations with c l a s s i c a l s p i n s , we think t h a t the f i r s t order t r a n s i t i o n c a l c u l a t e d a t 1 mK i n t h e mean f i e l d approximation happens a t a s l i g h t l y lower temperature,with our parameters. (T r 0.8 mK).
Thus w i t h i n a more accurate approximation than t h e
FIFA, the parameter shouldbe s l i g h t l y corrected to f i t de phase diagram. This could give a lower f i e l d of t r a n s i t i o n between t h e uudd and naf phase and a s l i g h t l y hipher "mean s p i n wave velocity" i n b e t t e r agreement with the experimental r e s u l t s .
